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INTRODUCTION Background
Accurate casts mounted to the dental articulator permit a detailed analysis of the occlusal plane and the dental occlusion. 3 Diagnostic procedures can be performed for improved diagnosis and treatment planning. Tooth preparations can be rehearsed on the cast, and diagnostic-waxing procedures can be preformed for evaluation of the eventual outcome of the proposed treatment. The orientation of the maxillary arch and dentition to the instrument will effect the functional and esthetic outcome of any diagnostic or treatment procedure. 4 It is common practice to orient the maxillary arch and dentition by using a face-bow record that involves a plane of reference. This plane of reference determines how the occlusal plane will be oriented within the dental articulator. The facebow transfer record for the maxillary teeth and dentition [occlusal plane] should produce the same relationship in the articulator between the occlusal plane and the upper member that is found in the patient between the occlusal plane and the surface of the earth. 5 The occlusal plane is the average plane established by the incisal and occlusal surfaces of the teeth. Generally, it is not a plane but represents the planar mean of the curvature of these surfaces. 6 The position of the occlusal plane in the patient and the articulator is an essential link for achieving the functional and esthetic goals of treatment. 4 The use of the Frankfort horizontal plane as standard reference plane for relating the maxillary cast to the upper member of the dental articulator is well established and accepted. 1 In the design of many articulators, there is an assumption of parallelism between the Frankfort horizontal plane, the upper member of the articulator, and the horizontal surface of the earth. 5 The use of the Frankfort horizontal plane as a reference plane for orienting maxillary casts to the dental articulator has been challenged. 2, 4, 7 Some studies have
shown that the Frankfort horizontal plane is not parallel to the surface of the earth when patients are in the natural head position. It has been suggested that the Hamular-Incisive Papilla or HIP plane is a better reference plane for orienting the maxillary cast to a dental articulator. 7, 9 The premise is that the HIP Plane is parallel to the horizontal surface of the earth and that the Frankfort horizontal plane is not parallel to the horizontal surface of the earth.
The purpose of this study is to examine the relationship of Frankfort horizontal plane and the HIP plane to the surface of the earth when the patient is in the natural head position. Ten subjects will be evaluated in the natural head position with angular measurements made from lateral photographs and lateral skull radiographs to determine the relationship of these two reference planes to the true horizontal plane. The clinical significance of each reference plane and possible solutions to minimize the error when mounting diagnostic and treatment cast will be discussed.
Statement of the Problem
Is the H.I.P. Plane or the Frankfort Horizontal Plane parallel to the true horizontal plane of the surface of the earth when the subject is standing erect and assuming a natural head position?
Significance of the Study
The goal of the mounted casts is to duplicate the patient in the dental laboratory for the purposes of diagnosis, problem solving, treatment planning, and the fabrication of dental prostheses. The orientation of the casts to the instrument is related to achieving the desired esthetic and functional results. The desired relationship can only be accomplished if the plane of reference is parallel to the surface of the earth. 5 The most common reference plane used is the Frankfort horizontal plane [FH] . The Frankfort horizontal plane is defined as a horizontal plane represented in profile by a line between the lowest point on the margin of the orbit to the highest point on the margin of the auditory meatus. 6 Numerous articulator systems utilize the Frankfort horizontal plane as the reference plane for orienting the maxillary arch and dentition to the upper member of the articulator. These systems assume that the FH plane is parallel to the surface of the earth and that the occlusal plane is oriented to the earth as it is in the patient. 4 Many clinicians have questioned the use of the Frankfort horizontal plane as the appropriate reference plane for proper orientation of the occlusal plane within the dental articulator. 2, 4, 7, 8 The criticism is that this reference plane is not parallel to the surface of the earth and that it compromises the achievement of esthetic goals in some treatment situations.
The Hamular-incisive papilla [HIP] plane has also been proposed as the true horizontal reference plane for orienting the maxillary cast to an articulator. 7, 8 This plane is defined by the two hamular notches and the incisive papilla located on the hard palate.
The advocates of this reference plane for orienting the occlusal plane, states that the ideal plane of occlusion should be at right angles to the forces of dental occlusion and parallel to the HIP plane. With the plane of occlusion parallel to the true horizontal plane of the skull, the forces are balanced along the occlusal plane and with in the cranium. Since many articulators are based on the assumption that the Frankfort plane is parallel to the true horizontal plane in the natural head position they developed a new instrument to mount dental cast called the Accu-liner. 7 The Accu-liner functions as an articulator and it was designed to provide an accurate method of aligning the maxillary cast to the instrument. It is designed with the assumption of parallelism between the H.I.P. plane and true horizontal plane. 7 Currently there has been no study on the H.I.P. plane and its parallelism to the true horizontal plane in the literature. The clinical significance of this information is to verify or modify those techniques used for mounting dental casts on dental articulators that are used in esthetic and functional treatment plans and prosthodontic therapy.
Hypothesis
In the Natural head position neither the Frankfort Plane nor the H.I.P. plane is parallel to the surface of the earth [true horizontal plane].
Definition of Terms
Ala of Nose/Ala nasi: The wing of the nose; broad portion forming the lateral wall of each nostril.
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Anterior Reference Point: Any point located on the midface that, together with two posterior reference points, establishes a reference plane. This plane can be used as a horizontal reference point.
Cephalometric Radiograph: A standardized radiograph of the skull. Occlusal Plane: occlusal plane 1: the average plane established by the incisal and occlusal surfaces of the teeth. Generally, it is not a plane but represents the planar mean of the curvature of these surfaces 2: the surface of wax occlusion rims contoured to guide in the arrangement of denture teeth 3: a flat metallic plate used in arranging instrument similar to a facebow that indexes to the external auditory meatus and registers the relation of the maxillary dental arch to the external auditory meatus and a horizontal reference plane. This instrument is used to transfer the maxillary cast to the articulator. The earbow provides an average anatomic dimension between the external auditory meatus and the horizontal axis of the mandibleing denture teeth-comp to CURVE OF OCCLUSION.
Porion: A bony cephalometric landmark at which the nasofrontal suture is bisected by the midsagittal plane. 
Limitations
Radiographic distortion of the lateral skull radiograph.
Human error when finding anatomic landmarks, transposing the lines for measuring the angles and measuring the angles.
Variability of the natural head position.
Delimitations
This in vivo study will consist of 10 fully dentate individuals with no past or present history of temporomandibular disorders or pathology. Subjects must have normal palatal anatomy for identification of landmarks, orthopedic stable relationship in maximum intercuspation, and no obvious occlusal plane discrepancies in order to participate in this study. These individuals did not undergo any invasive or irreversible procedures in this study.
CHAPTER II LITERATURE REVIEW HISTORICAL REVIEW AND PERSPECTIVE
The importance of selecting a reference plane on patients for mounting casts to an articulator for the purposes of diagnosis and prosthodontic therapy is not a new idea. In fact, Foster stressed that diagnostic casts should show the relationship of the teeth to the supporting structures and the facial skeleton as a whole in order to properly diagnosis and treat occlusal problems. The maxillary cast in the articulator is the baseline from which all occlusal relationships start, and it should be positioned in the space by identifying three points, which cannot be on the same line. 9 In 1955, Page wrote and explained that no jaw movements except pure opening and closing, can be duplicated by an articulator unless the upper frame is oriented to some cranial plane taken from the head. A reference plane is formed when two points located posterior to the maxillae, traditionally the right and left tempomandibular joints, and one point located anterior to them. 10 In 1979, Wilkie discussed the 5 commonly used anterior points of reference and the reasons for the use of each. He stated that the selection of the anterior point of the triangular spatial plane determines which plane in the head will become the plane of reference when the prosthesis is being fabricated. 11 Gonzalez and Kingery gave three criteria in the selection of any plane of orientation (reference plane): (1) ease of location, (2) convenience, and (3) reproducibility. They stated the standard reference plane for mounting casts for analysis and the fabrication of dental prosthesis is the Frankfort horizontal plane. between subjects relative to the true horizontal plane. 5 In a cephelometric study of 21 edentulous subjects, Gonzales and Kingery found that the axis-orbital planes and Frankfort planes were not parallel to one another, but were instead separated by an average distance of 7 mm between porion and the axis. To correct for this error, they suggested raising the orbital pointer by 7mm above the orbital indicator on the articulator, or lowering the anterior reference point 7mm on the patient.
Either correction would result in an occlusal plane 7mm higher in the articulator. 1 In another cephleometric study of 10 subjects, Bailey and Nowlin found a difference of 7 degrees or 16 mm between the radiographic position of the maxillary teeth and the position determined by the orbital pointer. Bailey and Nowlin explained this discrepancy as being the difference between the porion and the axis. 12 Stade, in a study of 10 subjects using bubble level, found the suggested 7 mm correction to be inadequate and indicated that 16.4 mm is needed to duplicate the esthetic reference position. Stade also suggested that the use of the orbitale and the axis orbitale plane may result in improper cants to the maxillary cast when it is mounted on the articulator. Schwartz indicated a need for scientific model analysis to standardize the diagnosis of the plane of occlusion in a uniform manner using maxillary anatomical reference points. He indicated that these maxillary reference points were related to Campers plane, defined by the hamular notches and anterior palatine papilla of the maxilla. 15 Rich also observed a relationship between the occulsal plane and the HIP plane.
He substantiated Cooperman and Willard's finding and found that in 84% of the cases studied, the range of divergence between the HIP plane and the attritional occlusal plane to be no more than 4 degees. 16 Karkazis and Polyzois conducted a cephalometric study and confirmed Rich's observation that the HIP plane tends to parallel the occlusal plane with a divergence between the HIP plane and the occlusal plane of less than 9 degrees. 
CHAPTER III MATERIALS AND METHODS
Ten subjects, 5 men and 5 women, ranging in age from 23 to 27 years with a mean age of 24 years, were selected from the West Virginia University School of Dentistry student population for inclusion in the study. The subjects acted as test subjects and served as their own controls. All subjects were screened by conducting an oral examination. The main criteria for selection were (1) verification of an intact maxillary arch and location of the incisive papilla and hamular notches. If the incisive papilla or hamular notches could not be located due to erupted 3 rd molars or anatomical variation, the subject was excluded from the study, (2) 24 natural teeth with a functional, acceptable occlusion ( no gross skeletal mal-relationships and able to function and masticate without pain), (3) a clinically stable and repeatable maximum intercuspation position, and (4) a normal range of motion. All subjects were required to read, review and sign the IRB approved consent form prior to initiation of the study. (a copy of the consent form is located in Appendix B).
In order to identify the H.I.P. plane on the lateral skull film, a radiographic stent was fabricated for each subject by making complete arch maxillary impressions using 
CHAPTER IV RESULTS AND DISCUSSION
RESULTS
The comparison of reference planes and the true horizontal in all ten subjects can be found in Table 1 . The mean, standard deviation and coefficient variation were calculated for each reference plane and are found in Table 2 degrees, a standard deviation of 2.14 degrees. Due to the variability of the data in the sample no statistical significant results were found. 
DISCUSSION
The goal of the mounted casts is to duplicate the patient in the dental laboratory for the purposes of diagnosis, problem solving, and treatment planning, and the fabrication of dental prostheses. Selecting a reference plane that is parallel to the surface of the earth while the patient is standing erect and assuming a natural head position is related to achieving the esthetic and functional goals in prosthodontic therapy.
Historically, the most common reference plane used is the Frankfort horizontal plane, which has been defined as parallel to the true horizontal plane. H.I.P. plane has also been proposed as the true horizontal plane for orienting the maxillary cast to an articulator. In this study neither the H.I.P. plane nor the Frankfort horizontal plane were parallel to the true horizontal plane. There was a wide variation in both planes to the true horizontal among the subjects tested. There was no statically significant difference found in this study between either Frankfort horizontal plane or H.I.P. plane compared to the true horizontal plane. Ten subjects were evaluated in the natural head position with angular measurements made from lateral photographs and lateral skull radiographs to determine the relationship of these two reference planes to the True horizontal.
The research showed that neither the H.I.P. plane nor the Frankfort horizontal plane were parallel to the True horizontal plane. There was a wide variation in both planes to the True horizontal among the subjects tested. There was no statically significant difference found in this study between either the Frankfort horizontal plane or the H.I.P. plane when compared to the True horizontal plane. Some subjects were within 2 degrees of the True horizontal plane for both planes, however they both showed wide variations among the sample. The impossibility of locating a horizontal plane when the patient is in the natural head position may be inherent with the individual variability of this position.
CONCLUSIONS
This study showed neither the H.I.P. plane nor the Frankfort horizontal plane were parallel to the True horizontal plane.
APPENDIX A Institutional Review Board Approval Form
